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[57] ABSTRACT

In an integrated circuit arrangement with a protective
arrangement at least partially integrated into it and
protecting the integrated circuit arrangement from
high-energy electrical faults, the protective arrange-
ment has an ohmic resistance in the form of one or more
resistance areas that is designed so as to absorb a major
proportion of the energy from electrical faults in the
event of limit loads and distribute the heat generated
within it by the energy absorption over a surface of the
protective arrangement such that the protective ar-
rangement affected by the heat energy of the ohmic
resistance is not thermally overloaded. Furthermore,
the protective arrangement has a voltage-limiting ele-
ment or several voltage-limiting elements to limit the
interference voltage.

27 Claims, 14 Drawing Sheets
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1
INTEGRATED CIRCUIT ARRANGEMENT

BACKGROUND OF THE INVENTION

The invention relates to a circuit arrangement with a
protective arrangement at least partially integrated into
it and protecting the integrated circuit arrangement
from high-energy electrical faults acting upon it.

High-energy electrical faults are, for example, faults
resulting from electrostatic discharges and that can
affect the connections of integrated circuits when the
latter are handled and so cause irreversible changes in
the integrated circuit and even render it useless. Elec-
trostatic discharges of this nature occur in a variety of
types and intensities and are therefore difficult to de-
scribe in detail. However, in order to gauge the sensitiv-
ity of integrated circuits to such faults with a finite
probability, integrated circuits too —and electronic
components in general —are increasingly being sub-
jected to stress tests that simulate electrostatic discharge
processes by means of certain test arrays. In these tests,
the connections of the integrated circuit are subjected
to a certain pulse-type load in accordance with a speci-
fied pattern.

In principle, a capacitor of given capacitance is
charged to a specified voltage in stress tests, and dis-
charged under certain conditions via the component
being tested. In practice, two versions of test circuits
are preferred, and are described in greater detail in the
following. The first version of a test circuit is shown in
FIG. 1. In the test circuit according to FIG. 1, the
capacitor C is charged from a voltage source Q via the
resistor R1 and discharged via resistor R2 and the test
object by operating the switch S. The resistor R2 is here
only intended to protect the voltage source Q and to
avoid dangerous ground faults in case of contact.

The second version of a test circuit is shown in FIG.
4. The test circuit in FIG. 4 differs from the circuit
shown in FIG. 1 in that the resistance R2 of the first
version has been dispensed with. The omission of resis-
tor R2 in the second version has the effect that the full
electrical energy of the charged capacitor C acts on the
test object in the second test circuit version (FIG. 4).
The first version of the test circuit is used mainly for
testing MOS circuits, while the second version is in-
creasingly being used for testing bipolar integrated cir-
cuits. The appropriate test specifications state that the
tests must be conducted with both polarities.

The stress tests carried out on integrated circuits have
shown that the appearance of damaged circuit elements
~ largely corresponds to that obtained in practice, so that
the described testing methods can be applied more and
more for the assessment of integrated circuits. More-
over, test methods of this type will be used for evalua-
tion of the protective arrangement in the development
of these protective arrangements for integrated circuits.

In order to obtain a clear picture of the processes that
take place during testing using the known test circuits

(version 1 or version 2), the discharge processes taking

place were simulated, as these processes are not measur-
able in practice because of their non-periodical and
rapid nature. For this purpose, the test circuit first had
to be converted to an equivalent circuit suitable for
simulation. FIG. 2 shows the equivalent circuit used for
simulation of the test circuit according to FIG. 1 (ver-
sion 1). In the simulation, the test object was first re-
placed by an ohmic load resistor Rr. The load resistor
R; was first set at 1 Ohm. In the equivalent circuit
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2
according to FIG. 2, the changeover process of the
switch S is simulated by a voltage jump of the generator
Q. The important circuit elements of the discharge cir-
cuit are, according to FIG. 2, represented by the ele-
ments C, L1, R3, C1, L2, R4, C2, RS, C3, R6 and R;.

The self-inductance L1 of the equivalent circuit ac-
cording to FIG. 2 characterizes the connected self-in-
ductance of the capacitor C of FIG. 1. The resistor R3
characterizes the transition resistances of switch S, and
capacitor C1 represents the capacitance of switch S in
the switch setting K1 and the power cable capacitances
to resistor R2. Resistor R2 is simulated by the elements
L2, R4, R5, C3 and R6. The load is simulated by the
resistor R. |

FIG. 3 shows the result of the simulation based on the
equivalent circuit according to FIG. 2. In the simulation
the voltage generator Q was switched from zero to 2000
V (positive). FIG. 3 shows the current curve as a func-
tion of time when an ohmic resistance Ry==1 Ohm is
used for load simulation. The current shown in FIG. 3
is the current flowing through the load resistor.

FIG. 5 shows the equivalent circuit for the test circuit
according to FIG. 4. The inductance L3 characterizes
the self-inductance of the discharge circuit of FIG. 4,
while the resistor R7 characterizes the self-damping of |
the discharge circuit of FIG. 4. The load is simulated by
R;.

FIG. 6 shows the result of the simulation with the aid
of the equivalent circuit according to FIG. §, for a
voltage jump in the generator Q at zero time from zero
to 500 V. Ry has the value of 1 Ohm here also. As in
FIG. 3, the simulated time range 4 (abscissa) extends
from O to 100 nsecs. |

If FIGS. 3 and 6 are compared, it can be seen that
when the second test circuit (FIG. 4) is used, considera-
bly higher currents are encountered than with the use of
the first test circuit (FIG. 1). This result applies for both
polarities of the generator voltage. It must be taken into
account here that the voltage of the generator Q that
was used in the second test method is substantially
lower than the voltage used in the first test method, 1.e.
500 V compared with 2000 V in the first test method.

From this comparison it is clear that the second test
method is (or appears to be) substantially more critical
for the integrated circuit being tested than the first test
method.

In addition to the current/time curve, the output/-
time curve is also of interest. FIG. 7 shows the output/-
time curve for load resistor Rz when Rz =1 Ohm. The
output/time curve of FIG. 7 is also obtained by simula-

~ tion, in particular by forming the product of voltage and
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current at resistor Rz. The current/time curve was
determined using the equivalent circuit according to
FIG. 4. This also applies for FIGS. 8 and 9, of which
FIG. 8 shows the current/time curve for a load resistor
Rz =11 Ohm and FIG. 9 the output/time curve also for
a load resistor Rz=11 Ohm. Accordingly, a higher
value for Ry implies the occurrence of a substantially
higher peak output value with more rapid decrease at
the same time. The illustrations show that the short-
term load is substantially greater the higher the load
resistance in the value range illustrated.

Tests have shown that integrated circuits subjected to
the tests described frequently have local “melt chan-
nels” in the area of the circuit components under load,
these being due to severe local overheating. Occur-
rences of this nature can be frequently found in the
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semiconductor zones with weak doping. It is therefore
probable that the “melt channels” result from a temper-
ature-induced intrinsic conduction (an increase in resis-
tance with a rise in temperature) of the semiconductor
material, said conduction exceeding the extrinsic con-
duction as the material exceeds certain temperatures.
Since the intrinsic conduction (inversion density) rises
exponentially with the temperature, the current concen-
trates cumulatively in a “kindled” semiconductor area
of this type and so heats up the semiconductor material
locally. This process is not generally controllable; this is
understandable when, as the theory on the temperature
dependence of intrinsic conduction (inversion density)
for silicon states, the intrinsic conduction is decisive for
the electrical resistance in a silicon zone with an impu-
rity concentration of, for example, 101> cm —3 at a tem-
perature of only approx. 280° C,, 1.e. the conductivity
rises exponentially from a crystal temperature of this
value. By way of comparison this is only the case above

10

15

approx. 1400° C. with an impurity concentration of 1019 20

cm —3, i.e. at temperatures close to the melting point of
silicon.

SUMMARY OF THE INVENTION

The object underlying the invention is therefore to
provide a protective arrangement for an integrated
circuit arrangement that protects itself from the afore-
mentioned unwelcome faults acting on the integrated
circuit and either strongly reduces the effect of the fault
on the connected integrated circuit arrangement to be
protected or ensures its protection. According to the
invention, the protective arrangement has an ohmic
resistor in the form of one or more resistance areas or
zones and designed such that it absorbs a substantial
proportion of the energy of the electrical fault in the
event of a limit load and that it distributes the heat
generated in it from the energy absorption over a sur-
face of the protective arrangement such that the protec-
tive arrangement affected by the heat energy of the
ohmic resistance is not thermally overloaded. The pro-
tective arrangement has a voltage-limiting element or
several voltage-limiting elements to limit the interfer-
ence voltage.

The voltage-limiting element(s) is (are) designed pref-
erably in such a way that the discharge energy supplied
to it (them) does not overload the voltage-limiting ele-
ment(s).

The ohmic resistance areas can be designed, for ex-
ample, as resistance zones in the semiconductor element
and/or as a metal conduction path on the surface of the
intergrated circuit arrangement. In the case of the resis-
tance being provided in the semiconductor element it is
advantageous to form the resistance zones from semi-
conductor zones having a higher impurity concentra-
tion (e.g. greater than 101° cm—J). This eliminates the
effect of uncontrollable intrinsic conduction which can
lead to an unstable current distribution within the semi-
conductor. A resistor in the semiconductor area is pref-
erably arranged at a distance from the semiconductor
surface corresponding to a buried layer. Resistance
zones in the semiconductor element can also be ar-
ranged in the surface area, for example with an n+ zone
formed by 2 commutator connection diffusion in a high-
resistance, weakly doped n-area (epitaxy layer). A fur-
ther possibility of forming an insulated resistor with
strongly doped semiconductor layer is, for example, to
use a p+ diffusion, which is deposited in a buried layer
zone through an n-epitaxy layer.
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Another aspect for designing the resistance zone in
accordance with the invention is the avoidance of a
field strength breakdown in the resistance zone, since a
field strength breakdown can neutralize or partially
neutralize the resistance zone. This can come about, for
example, by the breakdown zone completely or par-
tially bridging the resistance zone. The resistance zone
must therefore be so designed that the breakdown field
strength (2. .. 10X 105 V/cm) cannot occur at any point
of the resistance zone under the maximum stress load.

In accordance with an embodiment of the invention it
is provided that the discharge energy is partially con-
verted to heat energy in the substrate of the semicon-
ductor element (substrate for protective arrangement
and integrated circuit arrangement) by channelling the
discharge process via the substrate area serving as a
resistance zone. This has the advantage that the other
parts of the protective arrangement can be with a
smaller crystal surface requirement, since their electni-
cal load is lower. A further advantage of using the
substrate resistance is that the voltage drop in the sub-
strate area does not have the effect of a voltage load for
the zone between the connection pad and the substrate
area beneath it when said substrate area is connected to
the substrate area of the protective arrangement. In the
case of the substrate resistance being used it must how-
ever be noted that as a result of the voltage drop in the
crucial substrate resistance, the output potential of the
protective arrangement is lowered or raised — depend-
ing on the polarity of the fault — by the amount of
voltage drop at the substrate resistor when a fault oc-
Curs.

To avoid negative effects from the voltage drop on
the circuit to be protected, it is recommended that the
ground based reference point of the circuit to be pro-
tected be allocated directly to the substrate area with
which the voltage-limiting element of the protective
arrangement is connected. This ensures that in the event
of a fault the circuit to be protected is only supplied
with peak voltages that correspond to the levels of the
voltages occurring at the voltage-limiting elements of
the protective arrangement.

It is further advantageous to “disconnect” the sub-
sirate area of the protective arrangement from the other
substrate areas of the integrated circuit and to connect
the substrate area of the protective arrangement to the
reference point (earth) of the integrated circuit via a
separate conduction path, with the required substrate
resistance of the protective arrangement being achieved
by appropriate design of the separation connecting
zone. A “disconnection” of the substrate area of the
protective arrangement from the substrate areas of the
remaining integrated circuit has the advantage that this
achieves a greater protective effect for other integrated
circuit components beyond the immediately protected
circuit component in the event of a fault.

A “disconnection” of the substrate area of the protec-
tive arrangement from the substrate areas of the other
circuit components can for instance be achieved by
providing, around the substrate area of the allocated
connecting pad of the integrated circuit, a zone with
relatively low conductivity that separates the low-
resistance substrate area of the protective arrangement
from the other low-resistance substrate areas of the
integrated circuit. The low-resistance substrate areas
are generally formed by a separation diffusion of the
p-conduction type, while the zone with the relatively
low conductivity is determined by the weakly-doped
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area of the p-conduction type of the substrate material
of the semiconductor element.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater detail,
by way of examples, with reference to the drawings, in
which

FIG. 1is a schematic diagram of a prior art apparatus
for testing integrated circuits.

FIG. 2 is a schematic diagram of a prior art simula-
tion circuit for simulating the response of the apparatus
of FIG. 1. |

FIG. 3 is a graph illustrating the characteristic of
current I7 as a function of time for the simulator of FIG.
2. |

FIG. 4 is a schematic diagram of a prior art apparatus
for testing integrated circuits.

FIG. § is a schematic diagram of a prior art simula-
tion circuit for simulating the response of the apparatus
of FIG. 4. |

FIGS. 6 and 8 are graphs illustrating the characteris-
tics of current I, as a function of time for the simulator
of FIG. §S. |

FIGS. 7 and 9 are graphs illustrating the characteris-
tic of power P as a function of time for the simulator of
FIG. §.

FIG. 10-14 are perspective views of the various con-
secutive steps of the manufacture of a protective ar-
rangement in accordance with a first embodiment the
invention;

FIG. 15 is a top plan view of the protective arrange-
ment in FI1G. 14;

FIG. 16 is a schematic diagram of the equivalent
circuit of the protective arrangement according to
FIGS. 14 and 15;

FIGS. 17-19 are perspective views of the various
consecutive steps in the manufacture of a protective

arrangement according to an alternative embodiment

the invention;

FIG. 20 is a side cross-sectional view of the finished
protective arrangement of figure;

FIG. 21 is a top plan view of the finished protective
arrangement of figure;

FIG. 22 is a perspective view of a protective arrange-
ment in which pairs of zener diodes are connected in
series;

FIG. 23 is a perspective view of the finished protec-
tive arrangement evolved from FIG. 22;

FIG. 24 is a schematic diagram of the equivalent
circuit of the arrangement according to FIG. 23;

FIG. 25 is a side cross-sectional view of a further
protective arrangement in accordance with the inven-
tion;

FIG. 26 is a schematic diagram of the equivalent
circuit diagram of the arrangement according to FIG.
25;

FIG. 27 is a top planar view illustrating two protec-
tive arrangements;

FIG. 28 is a cross-sectional view of the arrangement
according to FI1G. 27;

FIG. 29 is a schematic diagram of an equivalent cir-
cuit diagram of the arrangement according to FIG. 27;

FIG. 30 is a perspective view of the arrangement
according to FIG. 27;
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 10 to 14 show the manufacture of a protective
arrangement according to the invention intended to
protect an integrated circuit arrangement which is In
the same semiconductor element as the protective ar-
rangement, but which is not illustrated in the following
figures. In accordance with FIG. 10, a semiconductor
element 1 (also semiconductor element of the integrated
circuit arrangement not illustrated) is assumed when -
manufacturing the protective arrangement, said element
having the p-conduction type in the embodiment. In the
semiconductor element 1 a resistance zone 2 is provided
in accordance with FIG. 10, the conduction type of
which is opposite that of the semiconductor element 1
and accordingly is of the n-conduction type in FIG. 10.
The resistance zone 2 is relatively strongly doped and
has, for example, an impurity concentration of 10!
cm—3,

According to FIG. 11, an epitaxy layer 3 of n-con-
duction type is deposited on the semiconductor element
1 (substrate) of p-conduction type with the resistance
zone 2 of n-conduction type, such that the resistance
zone 2 between the substrate 1 and the epitaxy layer 3 is
buried (buried layer). In accordance with FIG. 12, a
semiconductor zone 4 of p-conduction type is formed in

‘the epitaxy layer 3, the regions 4', 4’ and 4 of said

zone together with the adjoining resistance zone 2
forming a zener diode which is used as a voltage-limit-
ing element. The p-regions 4’ and 4" also fulfill, to-
gether with the p-regions 4', the function of a separa-
tion zone. The p-region 4'” is in contact with the resis-
tance zone 2 over the whole underside, while the p-
regions 4’ is only in contact with the resistance zone at
the edge. The p-areas 4, 4"/, 4’ and 4""" are deposited so
deeply that they touch the resistance zone 2 or substrate
1. The p-zone 4 is formed in a single operation in the
semiconductor element comprising substrate 1 and epi-
taxy layer 3, for example by diffusion or by ion implan-
tation.

The resistance area 2 is connected in accordance with
FIG. 13 using the connection zones § and 6 of the n-
conduction type, which are made after the p-zones,
likewise by diffusion or ion implantation, for example.
The connection zone § in FIG. 13 is the input connec-
tion for the resistance zone 2 and is in the centre of the
resistance zone 2.

FIG. 14 shows the finished protective arrangement
with an insulating layer 7 on the surface of the epitaxy
layer 3 and the zone formed therein and with a conduc-
tion path 8 leading to the connection zone §, with a
conduction path 9 connecting the p-regions 4', 4" and
4’ and with a conduction path 10 providing the electri-
cal connection between the connection zone 6 and the
subsequent integrated circuit arrangement, not illus-
trated, in the same semiconductor element.

FIG. 15 is the plan view of the protective arrange-
ment according to FIG. 14.

FIG. 15 indicates a conduction path 9, connecting
the reference point of the subsequent integrated circuit
to be protected (not illustrated) and the reference point
(p-regions 4, 4, 4", 4'"’) of the voltage-limiting zener
diode of the arrangement according to the invention as
shown in FIG. 13.

FIG. 16 shows the equivalent circuit diagram of the
protective arrangement according to FIGS. 14 and 18.
In the equivalent circuit diagram in FIG. 16 the resis-
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tance zone 2 is subdivided into the resistance regions 2/,
2" and 2'”, since in the embodiment of the invention
according to FIGS. 14 and 15 a large-area diode is
effective between the resistance zone 2 and the substrate
1, said diode being formed by the p-n junction between
the resistance zone 2 and the substrate 1. This diode 1s
shown in simplified form by the diodes 11 and 12 in the
equivalent circuit according to FIG. 16. The zener
diode is numbered 13. The resistance 14 shown in bro-
ken lines represents the substrate resistance. The con-
nection points of the circuit are numbered 15 and 16.
With the aid of the equivalent circuit according to
FIG. 16 the operation of the protective arrangement
can be explained. If one of the faults described occurs at
the connection terminals 15 and 16, the current will
flow via the resistors 2', 2’ and 2’”, the zener diode 13
as a voltage-limiting element, and the substrate resis-
tance 14 when the interference voltage between 15 and
16 is of positive polarity. Diodes 11 and 12 are then
blocked. If the interference voltage between 15 and 16
has negative polarity, diodes 11 and 12 become conduc-
tive, i.e. the current caused by the fault flows off via the
resistance zones 2', 2" and 2’ to the substrate and via
the diodes 11, 12 and 13 which are then effective in the
flow direction. In accordance with the invention, the
resistance zones 2', 2, 2’ and 14 are so dimensioned
and designed that they absorb the major part of the
energy from the expected peak load up io which the
protective arrangement is to function, and disiribute the
heat thereby generated over a greater crystal volume.
In order to prevent the voltage drop at the substrate
resistor 14 caused by the current flow from affecting the
subsequent integrated circuit to be protected, provision

10
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is preferably made for selecting the connection point of 35

the anode of the zener diode 13 and the substrate region
of the zener diode 13 as the reference point for the
subsequent circuit.

In the following, the manufacture of another embodi-
ment of a protective arrangement according to the in-
vention is described. In accordance with FIG. 17, the
semiconductor p-zones 15, 16 and 17 of p-conduction
type are deposited such that they are in contact with
substrate 1, in order to manufacture this protective
arrangement in a semiconductor element comprising a
subsirate 1 of p-conduction type, a buried layer 2 (resis-
tance area) of n-conduction type and an epitaxy layer 3
of n-conduction type. The p-zones 15, 16 and 17 are
made by diffusion or by ion implantation, for example.
The p-zone 15 acts as the separation zone while p-zones
16 and 17 are the semiconductor zones of zener diodes.

After the manufacture of the p-zones 15, 16 and 17,
the semiconductor connection zones 18, 19 and 20 for
the resistance zone 2 are manufactured in accordance

45

30

with FIG. 18. The connection zones 18, 19 and 20 are of 55

the n-conduction type. In accordance with FIG. 19, the
n-zones 21 and 22 are then manufactured, their depth
being less than that of the semiconductor zones previ-
ously manufactured in the epitaxy layer 3. The semicon-
ductor zone 21 extends from the semiconductor zone 19
to the semiconductor zone 16 and covers these two
semiconductor zones. Semiconductor zone 22 extends
from semiconductor zone 17 to semiconductor zone 20
and covers these two semiconductor zones. FI1G. 19 has
two zener diodes, one of which is formed by the semi-
conductor zone 21 and p-zone 16 while the other zener
diode is formed by the semiconductor zones 22 and
p-zone 17.

65
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The overlap of the semiconductor zone 16 (p+-zone)
by the semiconductor zone 21 (n+-zone), and of semi-
conductor zone 17 by semiconductor zone 22, has the
effect that the junction layers of these zones do not
touch the surface of the semiconductor element at any
point, so that the p-n junction is protected from surface
effects.

The finished protective arrangement is shown in
FIGS. 20 and 21, with FIG. 20 being a sectional view
and FIG. 21 a plan view.

While FIGS. 19, 20 and 21 show a protective ar-
rangement in which two zener diodes are effectively
parallel to one another, FIGS. 22 and 23 show a protec-
tive arrangement in which pairs of diodes are connected
in series, with these series connections being effectively
parallel to one another. According to FI1G. 22, the semi-
conductor element of this protective arrangement again
comprises a substrate 1 of p-conduction type and an
epitaxy layer 3 of n-conduction type. In the protective
arrangement according to FIG. 22, three resistance
regions 2/, 2", and 2" are provided in the form of buried
layers. A separation zone 23 of p-conduction type is
deposited in the epitaxy layer 3 according to FIG. 22,
said zone comprising the regions 23a, 23b, 23c, 23d, 23e
and 23f. The separation regions 23a forms together with
the resistance regions 2’ a zener diode, separation region
23b together with resistance region 2’ a zener diode,
separation region 23c together with resistance region
2" a zener diode, and separation region 23d together
with resistance region 2"’ a zener diode. The connec-
tion zone 27 of n-conduction type forms a connection
for the resistance region 2, connection zones 28 and 29
form connections for the resistance region 2", and con-
nection zone 30 of the n-conduction type forms a con-
nection for the resistance region 2'”. FIG. 23 shows the
finished protective arrangement with the insulating
layer 31 on the epitaxy layer 3 and with the electrodes
32, 33, 34 and 35. FIG. 24 shows the appropriate equiva-
lent circuit diagram.

A protective arrangement according to FIGS. 22, 23
and 24 has the advantage over the protective arrange-
ment according to FIGS. 14, 20 and 21 that the series-
connected zener diodes as voltage-limiting elements
permit the selection of a correspondingly higher operat-
ing voltage for the subsequent circuit to be protected.

FIG. 25 shows a further protective arrangement in
accordance with the invention, again having a substrate
1 of p-conduction type and an epitaxy layer 3 of n-con-
duction type. The protective arrangement of FIG. 25 1s
surrounded by a separation zone 36 of the p-conduction
type. Between the epitaxy layer 3 and the substrate 1 1s
a resistance zone 2 which doubles as the source zone of
a field-effect transistor. The drain zone of this field-
effect transistor is formed by a semiconductor zone 37
of the n-conduction type. In the epitaxy layer 3 are the
two p-zones 38 and 39, which together with the epitaxy
layer 3 of the n-conduction type form zener diodes. In
addition, the p-zone 39 forms the gate electrode of a
field-effect transistor. The resistance zone 2 or the
source zone is in contact with the connection zone 44,
while the p-zone 38 is in contact with the connection
zone 41 and the p-zone 39 with the connection zone 42.
The drain zone 37 is in contact with the connection
zone 43. The connection zones 41 and 42 are connected
to the insulation zone 36.

FIG. 26 shows the equivalent circuit diagram of the
protective arrangement of FIG. 25 with the zener diode
44, the two substrate diodes 45 and 46 characterizing
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the p-n junction of the resistance zones 2 to the substrate
1, the resistance regions 2', 2" and 2", and the field-
effect transistor 47.

The field-effect transistor in the protective arrange-
ment according to FIGS. 25 and 26 has the task of
limiting the current occurring at the output of the pro-
tective arrangement in the event of a fault, thus expand-
ing the protective function. This is achieved by the
channel area K (FIG. 25) of the integrated field-effect
transistor being cut off when a higher (positive) inter-
ference voltage occurs at the source electrode. The use
of a field-effect transistor at the output of a protective
arrangement according to the invention is also suitable
for versions of protective arrangements already de-
scribed.

The resistor of the protective arrangement according
to the invention, which has to absorb the major part of
the energy from a limit load and which, for example, is
characterized by the sum of the partial resistors 2', 2"
and 2'” in FIG. 16, is preferably dimensioned so that the
sum of the voltage drop at this resistor and of the value
of the zener voltage does not reach, in the event of a
limit load (maximum “interference current” expected),
the value of the breakdown voltage for the distance
between the connection pad 15 and the area underneath
it, e.g. oxide layer including n-box.

This may be made clear in the following example.
Making the following assumptions:

maximum interference current occurring=20 A

(FIG. 6),
zener voltage (13 in FIG. 16)=7 V,
permitted peak voltage between connection pad and
n-box=150 V,
the maximum permissible resistance value, e.g. the sum
of the partial regions 2', 2", and 2"’ (FIG. 16), can be
calculated with

150V -7V

TN = 7.15 Q2

Rmax =

From this, the peak output proportion absorbed by the
resistance area can be calculated as

Pr=(150V-7V)X204=2.86kW.

The proportion of the peak output to be absorbed by the
zener diode is accordingly only

Pzp=TVX204=140W.

The calculation example also shows that zener diodes
with a lower zener voltage than those with a higher
zener voltage absorb a smaller proportion of the peak
energy. If the use is planned of a resistance in the sub-
strate area, as shown in the FIG. 16 equivalent circuit
diagram, item 14, the energy occurring in the other
areas for conversion into heat is reduced accordingly in
the event of a fault. The smaller the proportion of en-
ergy to be converted into heat in the voltage-limiting
element (zener diode), the smaller the area of this ele-
ment can be. This means that if a zener diode is used as
a voltage-limiting element with its surface area reduced,
its junction capacity too, which depends on the layer
area as well as on the doping conditions, is reduced.
This is important if this junction capacity has a negative
influence on the function of the integrated circuit and if
this negative effect can be eliminated or reduced with a
reduction of the junction area.
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FIG. 27 shows an embodiment of the invention in
which a second protective arrangement 49 is provided
additionally to the first protective arrangement 48. The
protective arrangements 48 and 49 in the arrangement
according to FIG. 27 are for example embodiments as
described with FIGS. 10, 11, 12, 13, 14, 15 and 16. The
input 5 of the first protective arrangement 48 is con-
nected to the connection pad 15 of the integrated circuit
via the conduction path 8. The output connection 6 of
the first protective arrangement 48 is connected via the
conduction path 10 to the input §’ of the second protec-
tive arrangement 49, and its output 6’ via the conduc-
tion path 10’ to the circuit arrangement to be protected
(not illustrated). |

The conduction path 51 connects the substrate area
50 of the first protective arrangement 48 to the resis-
tance zone 52 of the p-conduction type, while the
contact connection zone 53’ is connected to the refer-
ence point 16 (ground) of the integrated circuit. The
substrate area 54 of the second circuit arrangement 49 is
connected via the conduction path 55 to the reference
point 16 of the integrated circuit and simultaneously to
the reference point of the circuit arrangement to be
protected (not illustrated). The n-zone 56 allocated to
the connection pad 15 is included in the substrate area.
The substrate zone 50 in which the first protective ar-
rangement 48 is embedded is “disconnected” from the
substrate zone 58 in which the second protective ar-
rangement 49 is embedded by an n-zone 59.

FIG. 28 is a sectional view of the individual semicon-
ductor zones based on a section A-A' through the ar-
rangement according to FIG. 27, and FIG. 30 is a per-
spective view. |

FIG. 29 shows the equivalent circuit of the arrange-
ment according to FIG. 27 with the elements of the first
protective arrangement 48 and of the second protective
arrangement 49. The mode of operation of the protec-
tive arrangements has already been described. The
equivalent circuit according to FIG. 29 is intended to
mainly show the “disconnection” of the substrate areas
of the two protective arrangements 48 and 49. As FIG.
29 shows, the substrate zone 50 is connected by the
resistors 52’ and 52" to the reference point 16 of the
integrated circuit, where the resistor 52’ is generally
smaller than the resistor 52" because of an arrangement
of the semiconductor zones according to FIG. 27. As a
result the substrate zone 54 of the second protective
arrangement 49 is allocatable to the reference point 16
via the conduction path 55, whereby the effective resis-
tance between the substrate zone 50 and the reference
point 16 can be dimensioned separately. For example,

- the effective resistance between the substrate zone S0

335

635

and the reference point 16 can be determined by the
design of the resistance zone 52 in FIG. 27.

The advantage of the arrangement according to the
invention as shown in FIG. 27 is that a greater protec-
tive effect is achieved both for the circuit arrangement
to be protected, which is connected behind the second
protective arrangement (49), and for the other parts of
the integrated circuit on account of the “disconnection”
of the substrate areas. A further advantage of the ar-
rangement according to FIG. 27 is the possibility of
selecting the proportion of discharge energy (interfer-
ence) absorbed by this substrate resistance with appro-
priate dimensioning of the substrate resistance (52, 52")
such that the crystal surface requirements of the protec-
tive arrangements 48 and 49 can be selected corre-
spondingly smaller.
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In the illustrated embodiments the substrate of the
integrated circuit arrangement is exemplarily illustrated
as having the p-conduction type, but the invention natu-
rally applies also to integrated circuits with a substrate
of the n-conduction type and appropriately adapted
conduction type for the other semiconductor zones.

The resistance provided for in the invention for pro-
tection from high-energy electrical interference is pref-
erably connected in accordance with FIG. 16 to the
connections (15, 16) of the integrated circuit arrange-
ment on which the unwelcome electrical interference
acts.

What is claimed 1s:

1. In an integrated circuit arrangement having respec-
tive current input and ground terminals, and including a
protective circuit means, connected between said cur-
rent input terminal and the remainder of the integrated
circuit arrangement, for protecting the integrated cir-
cuit from excessive electrical potentials, caused by elec-
trical faults, occurring at said current input terminal; the
improvement wherein said protective circuit arrange-
ment includes:

an integrated resistance means, connected in series
between said current input terminal and a signal
input for the remainder of said integrated circuit,
for providing a predetermined ohmic resistance
sufficient to absorb a major portion of the energy
from an electrical fault appearing at said current
input terminal and for distributing the heat gener-
ated by the energy absorption over a surface of said
protective circuit without thermal overloading;
and

at least one voltage-limiting means, connected be-
tween said signal input and ground, for connecting
said signal input to ground when the voltage be-
tween said signal input and ground exceeds a pre-
determined value.

2. An integrated circuit arrangement as defined in

claim 1 wherein:
a common substrate for said integrated circuit ar-
rangement of a first conductivity type 1s connected
to said ground terminal; and said resistance means
includes
a first semiconductor zone of the opposite conduc-
tivity type formed in a first surface of said sub-
strate, and

first and second contact means for ohmically con-
tacting said first semiconductor zone at spaced
locations, with said first contact means being
connected to said current input terminal and said
second contact means being connected to said
signal input for the remainder of said integrated
circuit arrangement.

3. A protection circuit according to claim 2, further
including:

a second semiconductor zone of said first conductiv-
ity type contacting said first surface of said sub-
strate, and

a third semiconductor zone of said opposite conduc-
tivity type contacting said second contact means
and said second semiconductor zone and bridging
therebetween, with

said second and third semiconductor zones forming
the p-n junction of said voltage hmiting means.

4. A protection circuit according to claim 3, wherein

said third semiconductor zone is spaced from said first
surface.
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5. A protection circuit according to claim 4, further
including:

a third contact means formed on a semiconductor
zone of said first conductivity type forming a sepa-
ration zone around said first semiconductor zone.

6. A protection circuit according to claim §, wherein:
the contact area between said second and third semicon-
ductor zones forms the p-n junction of a zener diode;

said second contact means and said second semicon-
ductor zone are formed in and extend through an
epitaxial layer of the opposite conductivity type
deposited on said substrate;

said third semiconductor zone is formed in but does
not extend through said epitaxial layer; and

said third semiconductor zone connects said second
semiconductor zone to said first semiconductor
Zone.

7. A protection circuit according to claim 3, further

including

a third contact means formed on said first semicon-
ductor zone for parallel connection to said current
input terminal with said second contact means;

a fourth semiconductor zone of said first conductivity
type connected to said first surface of said sub-
strate, and

a fifth semiconductor zone of said first conductivity
type connecting said third contact means and said
fourth semiconductor zone wherein

said fourth and fifth semiconducior zones form a
second voltage limiting means connecting said
current input terminal and said ground terminal.

8. A protection circuit arrangement according to
claim 2, further comprising an epitaxial layer located on
said substrate, wherein the protective circuit is sur-
rounded by a separation zone, and.the inherent resis-
tance of said substrate forms a part of said protection
circuit.

9. A protection circuit according to claim 2, further
including an epitaxial layer of said opposite conductiv-
ity type, and less strongly doped than said first semicon-
ductor zone, formed on said first surface.

10. A protection circuit according to claim 9, further
includes:

a third semiconductor zone of said opposite conduc-
tivity type formed in said first surface of said sub-
strate,

a third contact means formed on said third semicon-
ductor zone,

a fourth semiconductor zone of said first conductivity
type formed partially on said third semiconductor
zone and partially on said substrate, wherein

said second zone is connected to said third contact
means.

11. A protection circuit according to claim 9, further
comprising a current-limiting element connected be-
tween said second contact means and said signal input.

12. A protection circuit arrangement according to
claim 11, wherein said current-limiting element includes
a field-effect transistor.

13. A protection circuit according ito claim 12,
wherein the drain zone of said field-effect transistor is a
semiconductor zone formed in said substrate and said
first semiconductor zone functions as the source zone of
said transistor.

14. A protection circuit according to claim 13,
wherein the gate zone of said field-effect transistor is
formed in said epitaxial layer formed on said substrate.
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15. A protection circuit according to claim 9, with

each of said contact means including:

a respective connection zone formed in and extending
through said epitaxial layer to said first semicon-
ductor zone. |

16. A protection circuit according to claim 15,

wherein said first contact means contacts at the center
of said first semiconductor zone, and said second
contact means contacts about the periphery of said first

semiconductor zone.

17. A protection circuit according to claim 16,
wherein said voltage limiting means includes a zener
diode, said circuit further including a second semicon-
ductor zone of said first conductivity type extending
through said epitaxial layer and contacting said first
semiconductor zone forming the p-n junction of said
zener diode.

18. A protection circuit according to claim 15,
wherein a region of said second semiconductor zone
forms an annular ring defining a first portion of said first
semiconductor zone bordered by said ring, a portion of
said annular ring contacting said substrate.

19. A protection circuit according to claim 18, further
comprising:

a third semiconductor zone of said opposite conduc-
tivity type formed in said first surface of said sub-
strate, |

a third contact means formed on said third semicon-
ductor zone,

a fourth semiconductor zone of said opposite conduc-
tivity type formed in said first surface of said sub-
strate,

a fourth contact means formed on said fourth semi-
conductor zone,

a fifth semiconductor zone of said first conductivity
type having a first region surrounding said third
semiconductor zone formed partially on said third
semiconductor zone and partially on said substrate,
and a second region surrounding said fourth semi-
conductor zone formed partially on said fourth
semiconductor zone and partially on said substrate,
and

a sixth semiconductor zone of said first conductivity
type formed partially on said first semiconductor
zone and partially on said substrate, said first and
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sixth semiconductor zones forming a second volt-
age limiting means, wherein

said second zone is connected to said third contact

means,
~ said sixth zone is connected to said fourth contact
means.

20. A protection circuit arrangement according to
claim 19, wherein |
said first semiconductor zone is bordered by a third

region of said fifth semiconductor zone, and
said second contact means is formed on said first

semiconductor zone outside that portion of said

first semiconductor zone bordered by said third

region of said fifth semiconductor zone.
21. A protection circuit according to claim 18,
wherein said first contact means is of said opposite con-
ductivity type and contacts said first portion of said first
semiconductor zone, and said second contact means is
of said opposite conductivity type and is formed on a
region of said first semiconductor zone outside of said
annular ring.

22. A protection circuit according to claim 2, wherein
said first semiconductor zone has an essentially rectan-
gular cross-section.

23. A protection circuit according to claim 2, wherein
said first semiconductor zone has an essentially circular
Cross-section.

24. A protection circuit according to claim 1, said
voltage limiting means comprising a plurality of zener
diodes connected between said signal input and said
ground terminal, wherein each of said diodes is formed
by a semiconductor region of a first conductivity type
and a semiconductor region of the opposite conductiv-
ity type.

25. A protection circuit arrangement according to
claim 24, wherein two of said zener diodes are con-
nected with one another in series. |

26. A protection circuit arrangement according to
claim 25, wherein the series connection of the two zener
diodes is achieved by a conduction path connecting a
semiconductor zone of said first conductivity type of a
first zener diode with a semiconductor zone of said
opposite conductivity type of a second zener diode.

27. An integrated circuit having a plurality of protec-
tive circuits according to claim 1 connected in series
between said current input terminal and said signal

input for said integrated circuit.
: * %x * = =
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